CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS
Elevation, as used in this report, refers to distance, in feet, above sea level.
Water levels, as used in this report, refers to distance, in feet, below or above (negative value) land surface.
Isotopic Ratios reported as "per mil" are calculated using the formula:
per mil (%c) = (Rsampie -Rreference/Rreference) X 1,000
where: R's are the ratios of 18O/16O or 2H/1H; sample, environmental water sample; reference, reference water sample is the Vienna Standard Mean Ocean Water (VSMOW).
ADDITIONAL ABBREVIATIONS
ft.bls feet below land surface |im micrometer
INTRODUCTION
The City of Aurora, Colorado, has proposed a water-development project in north-central Park County, Colorado, called the South Park Conjunctive Use Project (SPCUP). The South Park Basin is an area in north-central Park County consisting of a highelevation (more than 9,200 ft above sea level) sedimentary basin ( fig. 1 ). South Park Basin is surrounded by granitic and metamorphic terrain that reaches elevations higher than 13,000 ft along the Continental Divide. The phrase "conjunctive use," as used in the title of the SPCUP, has been defined as the combined development of surface-and ground-water resources to provide a sustainable water supply.
The proposed SPCUP would make use of available surface water during wet periods of the year by diverting water from local streams (the headwater tributaries of Tarryall Creek) and using it to artificially recharge the sedimentary aquifers of the South Park Basin. The recharged water would be stored in these bedrock aquifers and used during future dry periods when it would be recovered through a network of pumping wells. Ground water would be pumped into Park Gulch where it would flow into Tarryall Creek and ultimately be delivered to Colorado's Front Range as streamflow in the South Platte River.
In 1997, the U.S. Geological Survey (USGS), in cooperation with the City of Aurora, Colorado, and the Upper South Platte Water Conservancy District, implemented an ongoing project to monitor surfaceand ground-water resources in north-central Park County. Park County government joined this group of cooperators in 1998. As part of this project, the USGS is monitoring surface-water discharge at a location on Tarryall Creek, which is the major surface-water drainage in north-central Park County. The USGS also is monitoring water quality at the Tarryall Creek site with monthly collection of surface-water samples. Additional surface-water-quality samples were collected from several locations on Park Gulch and from the headwater tributaries of Tarryall Creek that are proposed to supply recharge water to the SPCUP. Ground-water investigations begun in 1997 in northcentral Park County include monthly water-level measurements in a widely distributed network of wells. This network is composed of wells constructed in aquifers that could have hydrologic connection with the area of the proposed SPCUP ground-water development. In 1998, ground-water reconnaissance sampling was done to assess the ground-water-quality conditions in these aquifers. 
Purpose and Scope
This report presents hydrologic data collected by the USGS during 1997-98 in north-central Park County. Surface-water data include daily mean discharge for Tarryall Creek below Park Gulch (May 1997 -September 1998 and results of water-quality analyses for Tarryall Creek below Park Gulch (monthly, April 1997 -September 1998 , four sites on Park Gulch (September 1997) , and three headwater tributaries proposed to supply recharge water for the SPCUP (May 1998). Surface-water sites are listed in table 1. Ground-water data include water levels for 35 wells at 29 locations completed in some of the primary aquifers in north-central Park County (monthly, July 1997 -November 1998 , results of water-quality analyses for ground-water samples collected from these same aquifers (17 wells sampled once between May and August 1998), and waterquality data from 4 springs (sampled once in May 1998). Wells and springs are listed in table 2.
Temperature, pH, specific conductance, and dissolved oxygen were measured onsite at each location where water samples were collected. Water samples were analyzed for alkalinity, major dissolved ions, trace elements, and nutrients (compounds of nitrogen and phosphorus). Additionally, selected samples were analyzed for suspended sediment, organic carbon, radon, and isotopes of oxygen and hydrogen. Isotopic data are reported as the ratio of the concentration of one isotope to the other, compared to a standard (see conversion table at the front of this report). The reporting units for isotopic ratios are in per mil (per thousand). Isotopic ratios can be used to distinguish one water from another or to help to determine the source of a water sample. Selected wells also GW14d  GW15a  GW15b  GW16  GW17a  GW17b  GW17c   GW18  GW19  GW20   GW21  GW22  GW23  GW24  GW25  GW26  GW27  GW28  GW29  GW30   GW31  GW32a  GW32b  GW32c  GW32d  SPG1  SPG2  SPG3  SPG4   Station number   391631105480401   391631105480402   391631105480403  391605105484508  391605105484507  391625105501001  391629105501017  391629105501018  391629105501001   391432105485501  392058105481101  392241105495601   391 158105490601  391259105494901  391956105475101  391150105473701  391314105465501  391845105452301  391830105500801  391631105461301  391441105474501  391716105494401   391602105473801  391452105483501  391452105483502  391452105483503  391452105483504  391449105482801  391216105484801  391320105464000 
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were sampled for tritium, which can indicate the approximate age of the water by indicating when the water entered the saturated part of the aquifer and became isolated from the atmospheric source of tritium. For a detailed description of the primary analytical procedures used in these water analyses, the reader is referred to Faires (1993) and Fishman (1993) .
Sampling Locations
As part of this study, a streamflow-gaging station was installed on Tarryall Creek just downstream from the confluence with Park Gulch (SW1) ( fig. 2 ). Under the proposed SPCUP, discharge in Park Gulch and Tarryall Creek would be augmented with ground water pumped into Park Gulch. The gage provides a record of baseline surface-water discharge in Tarryall Creek prior to the possible implementation of any future water-development projects.
Ground-water levels were monitored monthly in a network of wells distributed over north-central Park County ( fig. 3) . This water-level network was not designed to generate a potentiometric map, and the measured wells some with multiple perforated casing intervals are completed in several different aquifers. Consequently, the elevation of the measuring point for the reported water levels was never determined. Generally, wells were chosen for this network only if a record of well construction was available and the wells had minimal or no regular use. Wells of this type provide a more accurate static water level. Certain domestic wells in the granitic aquifer on the east side of the study area had sporadic use during the measurement period; however, this use could not be documented. Substantial differences in water levels in these wells, from one month to the next, might be related to recent pumping. Additionally, some wells had such shallow water levels that ice developed near the land surface, and water levels could not be measured at those times. A few wells eventually had to be dropped from the network due to plumbing modifications at the surface or a change in frequency of use.
Water samples collected during this study were from locations chosen to provide an areally distributed assessment of water-quality conditions for resources in north-central Park County. Surface-water samples were collected from locations on the headwater tributaries of Tarryall Creek ( fig. 2 ) near the proposed diversion points of artificial-recharge water (SW6, SW7, SW8) and from the streams that would be receiving ground water pumped from the production wells under the proposed SPCUP (SW1 through SW5). Well and spring samples were collected from sedimentary aquifers in the South Park Basin and from the nearby granitic aquifer east of the basin (table 2, fig. 3 ). With the exception of SPG2, springs indicated as discharging from the sedimentary aquifers of the South Park Basin (SPG1, SPG4) were immediately adjacent to the outcrop of the granitic aquifer to the east, and the subsurface source of the water from these springs has not been determined. Table 2 lists the apparent aquifers sampled by each well and spring and, in the case of sampled wells, the completion depth and perforated intervals of the well below land surface.
METHODS OF DATA COLLECTION
Several collection techniques were used to acquire hydrologic and water-quality data in northcentral Park County. Methods used to obtain a continuous record of surface-water discharge and samples of surface water and ground water for chemical analysis are described in this section.
Surface-Water Discharge
The data obtained at the Tarryall Creek streamflow-gaging station (SW1) consist of a continuous record of stream stage, individual measurements of stream discharge throughout a range of stages, and notations regarding factors that may affect the relation of stage to discharge. Using standard USGS methods (Rantz and others, 1982) , these data, together with supplemental information such as weather records, are used to compute records of daily mean discharge.
Stream stage at the gaging station is recorded by an electronic data logger every 15 minutes. Additionally, the record of stream stage is transmitted every 4 hours by satellite to the USGS office in Denver, Colorado. The satellite transmissions enable a preliminary record of real-time streamflow to be computed. Stream stage is correlated with monthly measurements of stream discharge to provide a continuous record of the amount of water passing the gage. winter months at the Tarry all Creek gage (SW1). During periods of ice cover, daily mean discharge was estimated using monthly manual discharge measurements and weather records for sites in Park County. Estimated daily discharges for periods of ice effect or instrument malfunctions are indicated with an "e" in table 3 in the "Hydrologic and Water-Quality Data" section at the back of this report
Ground-Water Levels
Ground-water levels were measured on a monthly basis in 35 wells at 29 different locations in the study area. The locations where water levels were measured monthly are indicated by a plus-sign or a plus-sign/circle in figure 3. Multiple wells measured at a given location each have perforated casing at different depths providing information about vertical hydraulic gradients. Some wells (for example, GW14a) have multiple perforated intervals in the same casing string, and water levels should be interpreted with this consideration. Water levels were measured with either a steel tape or vinyl-coated electric tape. Depth to water at each well was measured from the same point on the well casing every month, and the difference in elevation between the measuring point and the land surface was subtracted, to obtain depth in feet below land surface (ft.bls). Water levels are reported to the nearest 0.01 ft. Monthly depth-to-water values for each measured well are listed in table 4 in the the "Hydrologic and Water-Quality Data" section at the back of this report.
Water-Quality-Sample Collection
Water-quality samples were collected in a manner to minimize the potential for sample contamination. Most surface-water samples were collected and processed using equipment made from Teflon or highdensity polyethylene. Prior to use, all sampling equipment was cleaned with a nonphosphate laboratory detergent and rinsed first with tap water followed by a 5-percent solution of hydrochloric acid and then by deionized water. The equipment was rinsed with copious amounts of native water at the sampling sites before sample collection.
Under ice-free conditions, depth-and widthintegrated surface-water samples were collected from streams in the study area using the equal-width-increment method (Edwards and Glysson, 1988) . During periods of ice cover, stream water was accessed by chopping a hole in the ice, and samples were collected by either dipping a bottle into the flow or pumping water directly into a compositing container. Concurrent with sample collection, onsite measurements were obtained for water temperature, pH, specific conductance, dissolved oxygen, alkalinity, and discharge.
Ground-water samples collected from existing wells were acquired using either a portable submersible pump or an existing permanent pump according to methods described by Koterba and others (1995) . The portable pump was cleaned before each use by circulating a nonphosphate detergent/water solution through the pump and discharge lines for at least 5 minutes followed by a tap-water rinse and deionizedwater rinse. Wells were initially purged at the highest flow rate possible until a minimum of three casing volumes was removed. The exceptions were domestic wells that had existing permanent pumps and that were completed in the granitic aquifer. These domestic wells were in daily use by homeowners at the site and had already been pumped on the day of sampling. However, a substantial amount of water was pumped for purging purposes from these domestic wells before sampling commenced. After this initial purging of the wells, flow rates were reduced, and dissolved oxygen, pH, specific conductance, and temperature were monitored inside a sealed flowthrough chamber (Koterba and others, 1995) . These field parameters were recorded every 5 minutes until stable readings were achieved. Water then was diverted to a sampling chamber where filtered and unfiltered samples were collected in precleaned bottles.
Samples collected from springs during this study were acquired by installing a temporary well point into the source of the spring water. The well point was manufactured from either a 0.5-in. aluminum electrical conduit with a crimped tip and drilled perforations or a 1.5-in. steel pipe with a stainless-steel wire-wrapped screen attached to the end. The perforated end of each of these well points was about 4 in. in length. The well point was installed either directly into the area where spring water discharged to the land surface or into the ground just above the point of discharge. At two springs, a handheld posthole auger was used to bore through unsaturated soil layers. Water was pumped from these temporary well points by using clean polyethylene tubing and a peristaltic pump.
Water-quality samples were prepared for analysis onsite using methods described by Horowitz and others (1994) , Shelton (1994) , and Koterba and others (1995) . Aliquots of unfiltered water were collected for analysis of the total recoverable concentrations of the constituents listed in tables 5-9 in the "Hydrologic and Water-Quality Data" section at the back of the report. With the exception of dissolved organic carbon, sample water used to determine the dissolved fraction of constituents was filtered through a 0.45-jLim cellulose nitrate filter. Water used for dissolved organic carbon analyses was filtered through a 0.45-jum silver filter. Samples for nutrient and organic carbon analyses were immediately chilled to 4°C, and samples for major-cation and trace-element analyses were acidified to a pH of less than 2.0 by use of ultrapure nitric acid. Samples susceptible to degassing or contamination with atmospheric gases (radon, isotopes of oxygen and hydrogen) were sampled in a closed system to avoid contact with ambient air (Koterba and others, 1995) . Samples were submitted for analysis to USGS laboratories in Denver, Colorado; Reston, Virginia; Menlo Park, California; and Iowa City, Iowa. The results of the water-quality analyses for all environmental samples are listed in tables 5-8 at the back of this report.
Quality Control
About 20 percent of the total number of samples analyzed was for quality control. These samples included field equipment blanks and replicate environmental samples. Blank samples are designed to evaluate contamination potential from sampling equipment and sample processing; sequential replicate samples evaluate potential data variability relating to sampling and analytical techniques. The qualitycontrol samples were analyzed for major ions, nutrients, trace elements, and dissolved organic carbon. The results of analyses for the equipment-blank samples are provided in table 9 at the back of this report. Small concentrations of major ions (calcium, magnesium, chloride, and carbonate alkalinity), nutrients (ammonia and orthophosphate), and trace elements (manganese, zinc, and aluminum) were detected in one or more blank samples. Major-ion concentrations detected in blank samples were very small compared to concentrations measured in environmental samples. Concentrations of nutrents and trace elements in environmental samples need to be evaluated compared to constituents and concentrations detected in the blank samples. Replicate qualitycontrol samples and the analyses of the paired environmental samples also are listed in table 9. Good agreement between constituent concentrations in replicate pairs indicate that these data are of high quality. Table 3 . Daily mean discharge, site SW1, Tarryall Creek below Park Gulch near Como, Colorado, May 1997 -September 1998 [Discharge, in cubic feet per second; e, estimated; --, no data; Max, maximum; Min, minimum; Acre-ft, acre-feet] 
Township/range T. 8 S., R. 75 W., sec. 4, southwest quarter of the northwest quarter T. 8 S., R. 75 W., sec. 5, southeast quarter of the southwest quarter T. 8 S., R. 75 W., sec. 5, southeast quarter of the southwest quarter T. 9 S., R. 75 W., sec. 31, southeast quarter of the northeast quarter T. 8 S., R. 76 W., sec. 23, southeast quarter of the northeast quarter T. 8 S., R. 76 W., sec. 1 1, northwest quarter of the northwest quarter T. 7 S., R 76 W., sec. 35, northeast quarter of the northwest quarter T. 8 S., R 76 W., sec. 11, northeast quarter of the northeast quarter T. 8 S., R 75 W., sec. 7, northwest quarter of the southwest quarter T. 8 S., R.75 W., sec. 6, southeast quarter of the northwest quarter T. 8 S., R. 75 W., sec. 7, southeast quarter of the southwest quarter T. 8 S., R. 75 W., sec. 33, southwest quarter of the northwest quarter T. 9 S., R. 76 W., sec. 24, northwest quarter of the southeast quarter T. 9 S., R. 75 W., sec. 8, southeast quarter of the southwest quarter T. 9 S., R. 75 W., sec. 8, southeast quarter of the southwest quarter T. 9 S., R. 75 W., sec. 8, southeast quarter of the southwest quarter T. 9 S., R. 75 W., sec. 8, southeast quarter of the southwest quarter T. 9 S., R. 75 W., sec. 18, southwest quarter of the northeast quarter T. 9 S., R. 75 W., sec. 18, southwest quarter of the northeast quarter T. 9 S., R. 76 W., sec. 13, northeast quarter of the northwest quarter T. 9 S., R. 75 W., sec. 18, northeast quarter of the northeast quarter T. 9 S., R. 75 W., sec. 18, northeast quarter of the northeast quarter T. 9 S., R. 75 W., sec. 18, northeast quarter of the northeast quarter T. 9 S., R. 75 W., sec. 30, northwest quarter of the northeast quarter T. 8 S., R. 75 W., sec. 17, southeast quarter of the southwest quarter T. 8 S., R. 76 W., sec. 1, southeast quarter of the southeast quarter T. 10 S., R. 75 W., sec. 7, northeast quarter of the northwest quarter T. 10 S., R. 76 W., sec. 1 , northeast quarter of the northeast quarter T. 8 S., R. 75 W., sec. 29, northwest quarter of the northeast quarter T. 10 S., R. 75 W., sec. 8, northeast quarter of the northeast quarter T. 9 S., R. 75 W., sec. 33, southwest quarter of the northeast quarter T. 8 S., R. 75 W., sec. 34, northeast quarter of the southeast quarter T. 8 S., R. 76 W., sec. 36, northwest quarter of the southeast quarter T. 9 S., R. 75 W., sec. 15, southwest quarter of the northwest quarter T. 9 S., R. 75 W., sec. 29, northeast quarter of the northwest quarter 
-- Table 7 . Water-quality data for sites on selected tributaries (SW6-SW8) in north- 
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